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Luncheon. Luncheons may be secured at the University Coffee Shop or 
at the cafeteria in Hutchinson Hall. 


Hotel Headquarters. The Hotel Windermere, east of the Illinois Central 
Station on 56th Street, has been selected as hotel headquarters. A few single 
rooms in the Windermere West are available at $2.50 and $3.00. The Winder- 
mere East will have single rooms at $3.50 and double rooms at $5.00; all 


rooms with bath. 


CALENDAR 
Friday afternoon at 2 o'clock Room 133, Eckhart: Papers 1-11 
Friday afternoon at 3:30 o'clock Room 316, Eckhart: Meeting of the 
Council 

Friday evening at 7 o’clock Dinner at the Windermere West 
Saturday morning at 10 o’clock Room 32, Ryerson: Papers 12-19 
Saturday morning at 10 o’clock Room 133, Eckhart: Papers 20-29 
Saturday afternoon at 2 o'clock Room 133, Eckhart: Papers 30-41 


Saturday afternoon at 2 


AMERICAN PHYSICAL SOCIETY 


CHICAGO MEETING, NOVEMBER 28-29, 1930 


The 166th regular meeting of the American Physical Society will be held 
in Chicago, Illinois, at the Ryerson Physical Laboratory of. the University 
of Chicago on Friday and Saturday, November 28 and 29, 1930. The first 
session will be at 2 o’clock on Friday afternoon. 


Titles and abstracts of the papers to be presented are given in the follow- 
ing pages. These abstracts have not been corrected by the authors. After 
correction, they will be published in an early number of the Physical Review. 
Authors should send corrections to the Editor of the Physical Review, Uni- 
versity of Minnesota, Minneapolis, Minn. 


Dinner. On Friday evening at 7 o'clock there will be a dinner for the 
members of the Society and their friends in the Banquet Room of the Winder- 
mere West. The price per person will be $2.00. Tickets should be purchased 
in the Ryerson Physical Laboratory before 2 o’clock Friday afternoon. In 
case this is impossible it will be advisable to write in advance for reservations. 
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o’clock Room 32, Ryerson: Papers 42-53 

















The supplementary papers beginning with No. 54 may be called for at 
the end of any one of the sessions held in Room 133, Eckhart Hall. 


Cleveland Meeting. The 168th regular meeting of the American Physical 
Society will be held in Cleveland, December 30 and 31, 1930, in affiliation 
with Section-B-Physics-of the American Association for the Advancement of 
Science. On Wednesday morning, December 31, there will be a Symposium 
on Acoustics. This will constitute the joint meeting with Section B at which 
time the Retiring Vice-President, F. K. Richtmyer, will deliver an address, 


Hotel Headquarters. Hotel headquarters for the American Physical So- 
ciety will be the Statler Hotel, Euclid Avenue at East 12th Street. Single 
rooms with bath are $3.50 up. Members who wish other accommodations 
may secure them at the Auditorium Hotel or Hotel Olmsted for $2.00 up. 


Members intending to present papers at this meeting should have the 
typewritten titles and abstracts (not exceeding 200 words) ready for publi- 
cation, in the hands of the Secretary not later than Monday, November 24. 


Other meetings for the current season are as follows: 

167. December 12-13, 1930. Pacific Coast. Los Angeles. 

169. February 27-28, 1931. New York. 

170. April, 1931. Washington. (Exact date not yet determined.) 

171. June Meeting on the Pacific Coast. (Place and date not yet deter- 
mined.) 

W. L. SEVERINGHAUS, Secretary 
Columbia University, New York, N.Y. 

November 15, 1930. 

















PROGRAM 
FRIDAY AFTERNOON AT 2 O’CLOCK 
Room 133—Eckhart 


1. Measuring the Intensity of Molecular Beams. A. ELLETT AND R. M. ZaBEL, University 
of Iowa. A sensitive Pirani gauge has been developed and used to measure the intensity of a 
molecular beam defined by 0.5 mm circular openings 22 mm apart. The gauge is situated 35 
mm from the last opening. A beam of air gives a galvanometer deflection of 1000 cm with a 
pressure of 1 mm behind the first opening. Hz produces a deflection of 2000 cm. The galvanom- 
eter sensitivity is 11.6 mm per micro-volt. The time lag of the gauge is less than the period 
of the galvanometer (7 seconds). The limits within which the beam forming system may be 
expected to give a Maxwellian distribution of velocities are discussed. The final pressure in 
the gauge due to a given beam depends upon the size of the gauge opening as kinetic theory 
predicts. The reduction in intensity of beams of air and H; by collision with either air or Hz 
present in the experimental chamber at various pressures has been measured. The data show 
that the gauge may be used to measure mean free paths and to obtain more detailed informa- 
tion that has previously been possible as to the probability of scattering through various angles 
by collision. 


2. Diffraction of Atomic Hydrogen. THomas H. JoHNson, Bartol Research Foundation, 
Swarthmore, Pa. Improvements in the technique of photographing the de Broglie wave dif- 
fraction patterns, produced by the reflection of a beam of atomic hydrogen from a cleaved 
crystal of lithium fluoride, have considerably increased the intensity of these patterns over that 
of the patterns previously reported. In consequence, new features have been recorded. The 
patterns obtained by reflection at normal incidence consist (a) of four intense lines radiating 
from the central specularly reflected spot in directions perpendicular to the two mutually 
perpendicular sets of rows of similar ions on the surface of the crystal and (b) of four relatively 
weak, but plainly visible, lines radiating from the same point but perpendicular to the two 
sets of diagonal rows of alternately dissimilar ions. The gradation of intensity along the “a” 
lines corresponds to the dispersion of the various wave lengths of the Maxwellian velocity dis- 
tribution by the grating whose lines are the rows of similar ions spaced at intervals of 2.83A. 
The “bd” lines have a greater dispersion corresponding to the closer spacing of 2.00A between 
the rows of alternately dissimilar ions. Similar patterns observed at 45° incidence appear with 
branches corresponding to the various combinations of the values of 0, —1, +1 for m and n 
in the plane grating formulae cos ¢) —cos ¢ = md/d and cos 0) —cos 6=nd/d. 


3. The Value of ¢/,, by Deflection Experiments. G. E. UHLENBECK AND L. A. YOUNG, 
University of Michigan. To clarify the discussion as to whether or not a quantum mechanical 
treatment of the motion of electrons in magnetic fields will lead to a formula for e/m, differing 
from that obtained by classical electrodynamics the following problem was solved. A uniform 
magnetic field in the z-direction exists in the half-space x>0. A plane monochromatic de 
Broglie wave, travelling in the positive x-direction representing electrons of arbitrary energy, 
impinges normally on the plane x=0. Solutions of the wave equation were found fulfilling 
appropriate boundary conditions at the plane x=0. Currents are calculated quantum me- 
chanically and compared with the corresponding classical expressions. It was found that for 
electrons possessing energies of the order of magnitude used in deflection experiments, no 
observable deviations from classical results are predicted. Another quantum mechanical effect 
is diffraction at slits. Simple approximate calculations show that this effect can produce a 
fractional error in e/m of the order of the de Broglie wave-length divided by the slit width. 
These results are opposite to the conclusions reached by Page (Phys. Rev. 36, 444). We may 
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remark that he solved a problem of “stationary states” which does not represent the actual 
experiments. 


4. The diffraction of an electron-wave at a single layer of atoms. M. v. Laur, Ryerson 
Physical Laboratory, University of Chicago. This paper undertakes to estimate the influence of 
the gradual transition between the field exterior to, and in the interior of a crystal, on the 
diffraction of electrons. This gradual transition is required by electrostatics. The result is 
that this influence may be neglected for electrons whose energy is two-hundred volts or more. 
One can then treat the transition as discontinuous. In the case of slower electrons it seems 
doubtful if such a treatment is permissible. 


5. Frequency variations due to the electrodeless discharge. J. T. TyKocINER AND J. 
Kunz, University of Illinois. Experiments were carried out to show that an oscillator which 
excites electrodeless discharges undergoes variations of its frequency due to the reaction of the 
discharges. These variations were measured by means of a heterodyne method and the results 
were applied for a study of the intensity and character of the electrodeless discharge currents. 
The fact was thus d‘sclosed that contrary to a relation calculated on the basis of J.J. Thomson's 
theory of the ring discharge which demands an increase of frequency, the “ring” discharge 
causes a decrease of frequency. An extension of the theory was undertaken which takes into 
account the efiect of the capacitance of the excitation coil itself and of the influence of the 
ionized dielectric in the discharge tube subjected to the action of electrostatic fields. It can 
thus be shown that due to the electrostatic forces always predominating over the electro- 
magnetic induction, a decrease of frequency must result, whenever the inner conductance 
of the discharge 1s small enough to suppress the formation of ring discharges. 


6. Interpretation of negative volt ampere characteristics of neon positive column. C.iFr- 
ton G. Founp, General Electric Co., Schenectady, N.Y. The voltage gradient in the positive 
column of a discharge in neon decreases rapidly with increase in current. The decrease in 
gradient runs parallel to the increase in concentration of metastable atoms and to the increase 
in light efficiency. Moreover, observations show that the electrons in the positive column have 


velocities corresponding to a Maxwellian distribution in which electrons with a velocity greater 
than the resonance potential are absent. This deficiency of electrons with energy sufficient to 
produce ionization indicates that the positive ions are not formed by a single electronic col- 
lision but must be the result of a two stage process such as ionization of metastable atoms by 
slow electrons. These characteristics indicate that the negative resistance of the positive 
column is connected with the presence of metastable atoms. This assumption permits an 
explanation of the inductive impedance of a hot cathode neon tube as measured by W. F. 
Westendorp by a method which will be described in the near future. 


7. The efficiency of ionization of mercury vapor by electron impact near the ionization 
potential. Puivip J. Smitn, University of Minnesota. Lirect measurements of the efficiency 
of ionization by electron impact, using an electron beam with a very narrow velocity distribu- 
tion show a series of discontinuous changes in the slope of the efficiency curves as the energy 
of the impacting electrons is increased. Most of these discontinuities or “ultra-ionization 
potentials” agree with those previously observed by E. O. Lawrence, (Phys. Rev. 28, 947 
(1926)) and A. L. Hughes and C. M. Van Atta, (Phys. Rev. 36, 214 (1930)), although several 
new ones have been observed. Lawrence’s values were 10.40, 10.60, 11.29, 11.70, 12.06 volts. 
Hughes’ and Van Atta’s 10.40, 10.62, 10.88, 11.28, 11.40, 11.77, 12.16, 12.76. Our values, 10.40, 
10.60, 10.76, 10.88, 11.07, 11.27, 11.40, 11.55, 11.70, 11.78, 11.90, 12.06, 12.17, 12.38. 


8. Doppler effects in hydrogen with canal rays of uniform velocity. H. F. BatHo AND 
A. J. DEmpsTER, University of Chicago. Positive ions were produced by bombarding hydrogen 
with low voltage electrons from a hot cathode. The ions formed passed beside the cathode into 
a strong field where they were accelerated by potentials up to 15,000 volts. The ions then 
passed into an observation chamber, where the light emitted by the accelerated particles was 
photographed with a large three-prism spectrograph. With the usual canal-ray tubes broad 
displacements are obtained as Doppler effects due to the velocity distributions in the ions, 
maxima are sometimes present suggesting ions of various masses, and the observed displace- 
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ment is always considerably less than that calculated from the potential difference on the tube. 
With the present tube sharp displaced lines of the Balmer series are obtained indicating homo- 
geneous velocities, the displacements agree with those calculated from the potential for atomic 
ions, molecular ions and triatomic molecular ions. These ions break up in the observation 
chamber giving hydrogen atoms which emit the Balmer series lines with Doppler effects cor- 
responding to the velocities of the ions. At low pressures the displaced line due to the molecule 
ion becomes the strongest as suggested by previous experiments on the positive-ray analysis 
of ionization products. 


9. A study of the velocities of ions formed in nitrogen by electron impact. W. WALLACE 
LozierR, University of Minnesota.—In a recent paper (Phys. Rev. 36, 1285 (1930)) there was 
described a method which is suitable for a measurement of the velocities of ions formed in 
molecular gases by electron impact. This method is employed in a study of nitrogen. Above 
35 volts electron velocity there are two groups of ions, these being N,* and N*. The N,* ions 
possess very little kinetic energy while the majority of the N* ions possess about 3.0 equivalent 
volts velocity, these latter ions resulting from dissociation of molecular ions. The number of 
N* ions increases so rapidly with electron velocity that at about 60 volts electron velocity 
they actually occur in greater numbers than the N2* ions, a fact which is in striking contrast 
to the results obtained in hydrogen. 


10. The effect of resolving power on the absorption coefficient of electrons in gases. 
R. RONALD PALMER, University of Minnesota.—The absorption coefficient of electrons in helium 
and in mercury vapor has been studied as a function of the geometry of the experimental 
apparatus. An electron beam of 0.4 mm radius was used in a Mayer type of apparatus in which 
the opening at the end of the scattering chamber was of variable aperture. Values of the 
absorption coefficient were obtained for 20, 40, 80 and 135 volt electrons over an angular aper- 
ture range of from 2° to 11° as measured from the end of the electron gun. All curves showed 
a definite decrease in the absorption coefficient with increase in angular aperture. These curves 
were corrected for the positive ion current, from the efficiency of ionization data of Bleakney 
and Smith, to give curves for the total number of electrons collected as a function of the size 


of the opening. These showed also a definite decrease with increase in aperture, corresponding 
to a preference for scattering to take place at small angles. In helium the curves were steeper 
the higher the electron velocity, whereas they were more alike in mercury vapor. From Arnot’s 
angular distribution results it is possible to predict such a curve for 80 volt electrons in mercury 
vapor. The predicted curve is much steeper, showing a sixty-five per cent decrease as against 
a thirty-two percent decrease over the same range experimentally. This discrepancy is as yet 
unexplained. 


11. The motion of electrons in argon. H. B. Wau in, University of Wisconsin.—The 
mean free path d of electrons in argon has been determined for the case where the electrons are 
in thermal equilibrium with the gas, using the alternating potential method for determining 
mobilities. The value thus found is \ =0.385 cm at a pressure of 1 mm. This value is 9.2 times 
the kinetic theory value (4(2)'/? times the atomic free path). The mobility curves obtained 
when the current is plotted against the alternating voltage definitely show the influence of the 
Ramsauer effect. 


SATURDAY MORNING AT 10 O’CLOCK 
Room 32—Ryerson 


12. Specific resistances of zinc single crystals. E. P. T. TYNDALL AND A. G. HOYMEN. 
University of Iowa.—Measurements made on fourteen single crystals prepared from Kahl- 
baum’s best zinc by the Czochralski-Gomperz method yield values of specific resistance which 
verify the Voigt-Thomson symmetry relation with considerably more accuracy than has been 
the case previously. The scattering of results of previous observers (Bridgman, Ware) appears 
to have been avoided here by more careful attention to experimental conditions, particularly 
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in the determination of cross-sectional area and its variation along the crystal rod, and in 
temperature control. The increase in resistance due to slight strains found by Bridgman does 
not exist for these crystals. The specific resistances, perpendicular and parallel to the vertical 
axis are: pi =5.88 X10-*, pj =6.20 X10-* ohms/cm*. For a series of 22 crystals prepared from 
“spectroscopically pure” zinc (from the New Jersey Zinc Co.) the values pi =5.83 10>, 
pi =6.15 X10~* are obtained. The results, however, are more scattered than for the Kahlbaum 
crystals, but it is believed that this may be due largely to increased experimental difficulty in 
handling these much more easily deformable crystals. Thus, the purer zinc shows lower values 
of specific resistance throughout, but the ratio, is the same for both 1.055. 


13. Electromotive force of paraffin membranes. Kari LARK-Horovitz Anp J. E. Frer- 
GusON, Purdue University —With the method developed by Horovitz some time ago (Proc. 
Vienna Acad. Sci. 134, 345(1925)) thin films of paraffin were sealed to glass tubing of known 
electrode function. These paraffin films are used as one electrode in aqueous solutions of dif- 
ferent ionic concentrations. Measuring the change of electro-motive force of the paraffin film 
as a function of the concentration of ions in the solution by using a binant-electrometer 
(Dolezalek), the following results were obtained: Paraffin acts asa reversible electrode in re- 
spect to cations only. It behaves in solutions of HCl, KCl, NaCl, AgNO; and NaOH like a 
reversible electrode in respect to any of the cations contained in the solution after a certain 
range of concentration has been reached. In solutions of mixtures of electrolytes, paraffin be- 
haves like a mixed electrode, its behavior being in all respects similar to the behavior of glass 
as described before by Horovitz and collaborators. 


14. Contact potential between iron and nickel. GC. N. Giasor, University of Wisconsin 
(Introduced by C. E. Mendenhall).—Specimens of electrolytic iron and electrolytic nickel were 
outgassed by intensive heat treatment in a high vacuum and the contact potential between 
them was measured by the Kelvin null method. Photoelectric long wave limits of the specimens 
were measured by using filters in the path of the light from a quartz mercury arc. The light 
transmitted by each filter was photographed with a quartz spectrograph immediately after 


each determination of the photoelectric effect. The results of the measurements made after 
the Fe and the Ni had been heated for 300 hours were the same as those obtained after some 
750 hours of heating. The plates were heated at a temperature of about 900°C at first and then 
the temperature of the Fe was raised to 1000°C and that of the Ni to 1100°C with no measur- 
able change in the values obtained for the contact potential and long wave limits. The equilib- 
rium value of the contact potential was Fe-Ni+0.20 volt +0.01 volt. The long wave limit of 
the Fe was found to be 2646A and that of the Ni to be 2537A. The work functions of the 
specimens corresponding to these long wave limits are: Fe 4.662 volts, and Ni 4.862 volts. The 
difference in these values gives the contact potential Fe-Ni+0.20 volt. 


15. On the electrical resistance of contacts between solid conductors. J. FRENKEL, Visit- 
ing Professor from Leningrad, University of Minnesota, (Introduced by H. A. Erikson).—A 
contact between two solid conducting bodies is visualized as a small gap between them. This 
gap can be described as a potential hill, over which the electrons, according to the wave me- 
chanical theory, can pass even with insufficient kinetic energy. There must be in general a 
steady flow of electrons across the gap in both directions, the difference between the two flows 
being the actually observed current intensity J. The general expression of J as function of the 
applied potential difference is obtained and discussed for the case of two identical bodies in 
connection with the resistance of granular structures (thin metallic films, obtained by cathodic 
pulverisation) and for the case of two different bodies in connection with the rectifying (valve) 
action. 


16. Photoelectric properties of oxide cathodes. W.S. Huxrorp, Grigsby-Grunow Research 
Staff, Department of Engineering Research, University of Michigan.—The effect of applied fields 
on the photoelectric work function of barium-strontium oxide cathodes has been investigated 
in the light of recent theories on electron emission from adsorbed metallic films. Photo-currents 
of the order of 10—" ampere were obtained when the cathodes were illuminated by light from a 
glass monochromator. The potentials employed were of the order of magnitude of those com- 
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monly applied to the electrodes of radio receiving tubes. As the activation of the cathode is 
carried to a maximum the photoelectric threshold, as measured at room temperatures, moves 
towards the red end of the spectrum, and the tendency to a condition of non-saturation in the 
emission increases. The currents due to the electrons emitted under the action of blue light 
saturate better than those caused by red light. A striking dependence of the photoelectric 
work-function upon the applied fields has been found. In the case of one cathode, the long wave 
limit of the photoelectric effect occurred at 9200A with a field of 40 volts per cm and at approxi- 
mately 10,800A with a field of 8000 volts per cm. A quantitative estimate is made of the 
modification of the intrinsic surface fields by the impressed fields. 


17. Photovoltaic effects in Grignard solutions. II. R. T. Durrorp, The University of Mis- 
sourt.—New observations are reported which bring out several new facts about the Becquerel 
effect in Grignard cells. Most important among these are the behavior on closed circuit, and 
the remarkable effect of certain depolarizers in increasing the current obtainable; and the 
evidence that at least two types of response may occur with platinum electrodes. The effect 
is noted in several compounds not before tested. The work was done at the Research Lab- 
oratory, Incandescent Lamp Department of General Electric Co., Cleveland, Ohio. 


18. The dielectric polarization of castor oil, linseed oil and tung oil. W. N. Stoops, West- 
inghouse Research Laboratories, East Pittsburgh, Pa. (Introduced by C. F. Hill).—The dielec- 
tric constants and densities of castor oil, linseed oil and tung oil have been measured over the 
temperature range between 100°C and their freezing points. The dielectric constant and 
polarization data indicate the presence of polar molecules in the oils. Accordingly the dielec- 
tric constants and densities of their dilute solutions in benzene have been measured, and the 
electric moments calculated by means of the Debye equation. They are 3.5, 2.8 and 2.8 X 1078 
e.s.u. respectively for castor oil, linseed oil and tung oil. From the standpoint of their molecular 
structure, these oils may be considered as derivatives of the triglyceride of stearic acid. The 
above values of the electric moment agree well with what would be expected on the basis 
of the accepted chemical composition of the oils. 


19. Orientation of hydrocarbon crystals by an electric field. RatpH D. BENNETT, Univer- 
sity of Chicago.—Ewing has shown (Phys. Rev. 36, 378 (1930) that as regards scattering power 
for x-rays an electret consisting of a mixture of different waxes is anisotropic. The writer has 
obtained results in agreement with his. Further, paraffin shows a similar anisotropy when 
allowed to crystallize in an electric field. Miiller and his collaborators (Proc. Roy. Soc. A120, 
437 (1928); Jour. Chem. Soc. 127, 599 (1925); et al.) have shown that the normal hydrocarbon 
crystals have the form of thin flakes, the long axes of the molecules being perpendicular to 
the face of largest area. The writer’s x-ray measurements indicate that the effect of the elec- 
tric field is to align these crystals edgewise, i.e. the hydrocarbon chains are perpendicular to 
the electric field. 


SATURDAY MORNING AT 10 O’CLOCK 
Room 133—Eckhart 


Papers No’s. 20 and 26 will be read by title. 


20. Change of frequency of x-rays scattered by bound electrons. D. P. MITCHELL AND 
A. J. O'LEARY, Columbia University.—In the Physical Review of June, 1929, one of us (D.P.M.) 
reported changes in wave-length of the molybdenum Ka, line scattered at 90° from graphite, 
beryllium and aluminum. These were interpreted as due to the transfer of the binding energy 
of K and L electrons in the scattering substances. Further investigation of this phenomenon 
with improved apparatus employing a background compensation method failed to disclose, 
in addition to the unmodified line, any of the lines previously reported. The line MoKa; was 
scattered from paraffin and graphite at an average angle of 90° and beryllium 154°. The ex- 
perimental conditions for producing the scattered radiation were as nearly as possible like 
those of the earlier work. The measurements were made by means of ionization apparatus as 
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before. However, the sensitivity and stability of the new measuring apparatus was sufficient 
to have disclosed such lines if their intensity exceeded 10 percent of the unmodified MoKa 
line scattered from paraffin and graphite. The result is in complete accord with similar ex- 
perimental work already reported by J. A. Bearden and N. S. Gingrich. Unmodified scatter- 
ing by beryllium was definitely observed although quite weak. No “anti-Stokes” line was 
observed as previously reported. Such a line should have appeared if its intensity was 50 per- 
cent of the unmodified MoKay, line. 


21. Scattering of x-rays in the neighborhood of 90 degrees. G. E. M. JAUNCEY AND G. 
G. Harvey, Washington University, St. Louis ——X-rays from a tungsten target tube excited 
at 90 and 125 kilovolts were scattered by paraffin. The x-rays were filtered through aluminum 
so as to produce some degree of homogeniety, and the distribution of intensity amongst the 
wave-lengths still present was determined by an absorption method. The intensity of the 
x-rays scattered at the above angles by a thin slab of paraffin was calculated for each wave- 
length present in the primary beam, using the formulas of Dirac and Jauncey. Each wave- 
length was assumed to be changed on scattering by the Compton value and the proportion of 
the intensity of each wave-length which was absorbed in the methy! iodide in the ionization 
chamber was calculated. The total intensity absorbed in the ionization chamber was then 
found by graphical integration. In the experiment, the ratios of the intensities scattered at 
75° and 120° to the intensity scattered at 97°30’ were determined. These ratios were com- 
pared with the two theoretical ratios. The agreement is much better with Dirac’s than with 
Jauncey’s formula. At the wavelengths used Dirac’s formula is not sufficiently different from 
the formula of Klein and Nishina for this experiment to discriminate between them. 


22. Scattering of x-rays by gases. E. O. WoLLan, University of Chicago.—Measure- 
ments of the scattering of x-rays by gases are in progress using a molybdenum target, with 
Soller slits and matched filters of ZrO, and SrO. This arrangement makes possible the use of 
more homogeneous radiation and more definitely defined scattering angles than have hitherto 
been reported. The intensity of scattering of hydrogen at 90° has been used as a standard 
with which the scattering of other gases has been compared. Due to the small intensity of 
scattering from hydrogen, oxygen was used as a secondary standard, with which direct com- 
parisons of intensity with other gases was made. Measurements of the intensity of scattering 
from argon at angles from 10° to 90° were obtained, and put on an absolute scale by comparison 
with oxygen. The scattering per electron for argon was considerably greater than for hydro- 
gen and oxygen over the whole range of angles. This indicates a strong concentration of elec- 
trons near the center of the argon atoms. 


23. Electron distribution in argon, and the existence of zero point energy. ARTHUR H. 
Compton, The University of Chicago.—Data on the scattering of x-rays by argon, reported by 
Wollan are analyzed by the method recently described by the writer (Phys. Rev. 35, 925 (1930)) 
The resulting electron distribution curve (U curve) shows a maximum electron density at 
about 0.08A from the center of the atom. The data of James and Firth (Proc. Roy. Soe. 
A114, 181 (1927)) on rock salt at 0°K give a maximum electron density of chlorine atoms at 
about 0.19A from the center, for 900°K at about 0.48A. The difference between the latter 
two values is due to the thermal motion of the atoms in the crystal. Similarly, the large differ- 
ence between the radius of maximum electron density in the atoms of argon gas and of chlor- 
ine in rock salt at 0°K must mean motion of the chlorine ions in the crystal lattice. The 
amplitude of this motion is of the order of magnitude predicted on the quantum theory of 
zero point energy. This confirms the conclusion of James and Firth, who however based their 
conclusion on a theoretical rather than an experimental electron distribution for argon 
and chlorine. 


24. Absorption of x-rays in gases. W. W. CoLvert, University of Chicago. (Introduced 
by A. H. Compton.)—X-ray spectral lines reflected from a platinum surfaced mirror and by 
a calcite crystal have been used for absorption measurements with neon, sulphur dioxide, 
chlorine and argon. The double reflection gives a more nearly homogeneous beam, since the 
mirror greatly reduces the higher orders of the shorter wave-lengths. The results are sum- 
marized in the following table. 
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Mass absorption coefficients 





0.496A 0.561A 0.631A 0.710A 1.389A 1.539A 2.288A 





Ne .84 1.20 1.69 2.50 16.0 23.4 75.5 
Al 1.96 2.71 3.82 5.32 37.3 50.7 149.6 
SO, 1.92 2.67 3.60 5.55 38.5 51.8 162.6 
S(Calc) 3.40 4.64 6.89 9.96 66.4 88.4 284.0 
Cl 4.14 5.76 8.18 13.52 76.9 102.7 315.0 
A 5.06 6.89 9.80 13.0 85.7 114.0 339.4 








25. The absorption of the Ka line of carbon in various gases. ELMER DERSHEM AND MAr- 
CEL SCHEIN, University of Chicago.—The mass absorption coefficients of a number of gases 
for the Ka line of carbon (\ =44.6A) have been measured with the aid of a specially designed 
X-ray vacuum spectrograph in which a ruled grating was used to isolate the Ka line. A photo- 
graphic method was used and the densities of the photographic images obtained with and 
without gas in the chamber were compared by means of a photoelectric photometer. Pre- 
liminary values of the mass absorption coefficients (u/p) of the gases used are as follows 
He 3050; CO, 4750; Nz 3950; O. 5800; Ne 11500; SO, 13000. Work on these and other gases 
is being continued and the above values may be slightly revised but are believed to be quite 
accurate. 


26. The absorption coefficient of y-rays from radium C and the effect of the rays on films. 
CHARLES S. BARRETT AND Roy A. GEzeELius, Naval Research Laboratory, Washington, D.C. 
The curve of film density vs. exposure is of the same type for y-rays as for x-rays. The use 
of commercial screens of calcium tungstate reduce the exposures required in radiography with 
y-rays to about 0.6 those required without screens: lead foil effects a reduction to about 0.75. 
The rapid increase in effectiveness of calcium tungstate screens with increasing hardness of 
rays in the x-ray region does not continue into the region of hard y-rays. Recoil electrons from 
an aluminum sheet (optimum thickness about 2 mm) placed on the radium side of a film are 
not as effective for the above purpose as the electrons (chiefly photoelectrons) from lead foil. 
The linear absorption coefficient u of y-rays in iron was determined by densitometer measure- 
ments on films exposed under conditions similar to those of radiography, with precautions 
taken against scattered rays reaching the films from the rear. With blocks 30 cm square and 
5-15 cm thick as absorbers and with films directly behind them, placed 45 cm from 250 milli- 
curies of radon, 1.=0.30 cm~. This is in agreement with previous ionization measurements 
made under conditions where comparable amounts of scattered rays were present. A quan- 
titative technique for y-ray radiography has been worked out and is being published else- 
where. 


27. A simple derivation of the formula for the half-width of the Debye-Scherrer lines. 
N. RAsHEVskKY, Westinghouse Research Laboratories, East Pittsburgh, Pa.—In 1918 P. Scherrer 
published without proof the following expression for the half-width of the Debye-Scherrer 
lines: 
h=2(ln2/2)!/2 (X/l cos 6) =0.94(A/1 cos 6) 


\ being the wave-length of the x-ray beam, / the size of the crystallites and @ the glancing 
angle. Seljakow and v. Laue independently gave later on rather elaborate analytical deriva- 
tions of the above formula, their results differing from Scherrer’s and from each others only 
in the value of the numerical factor (Seljakow—0.92; v. Laue—0.9). In the present paper a 
very simple and short derivation of the above formula is given, showing particularly clearly 
the physical cause of the broadening of the lines, and giving for the numerical factor the value 
0.89.° 


28. The structure of some groups XO;. W. H. ZACHARIASEN, University of Chicago (In- 
troduced by H. G. Gale).—Through determinations of the crystal lattices of KBrO;, KCIOs, 
NaClO; and Na2SO; the size and the shape of the groups (BrO;)~, (ClO3)~ and (SO;)~ were 
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examined. These 3 groups show the same type of structure. This special type is also found 
for the groups (AsO;)~* and (SbO;)~ in the crystal lattices of AsyO; and Sb,O; as determined 
by Bozorth. The structure type of the above 5 groups is distinctly different from the one of 
the groups (BO;)-*, (CO;)-? and (NO;)—!. The cation is displaced an amount A out of the plane 
of the three oxygens, and this displacement can be expressed by: A=a/12(6)!/?, where a is 
the oxygen to oxygen distance in the equilateral triangle. Due to the existing relation be- 
tween A and a, we can describe our type of groups as tetrahedral groups with one tetrahedral 
corner removed. Common for all groups of this type is that the cation has got only 2 electrons 
in the outer shell. The asymmetry which characterizes the configuration around the cation 
may be explained as due to deformation in the outer shell of the cation, where the charge dis- 
tribution is very diffuse. 


29. The building of atoms as related to nuclear abundance and stability. W. D. HARKINs, 
University of Chicago.—Recent investigations emphasize the importance of the rule that the 
elements of even atomic number are much more abundant than those of odd number. This and 
other evidence indicate that the most stable nuclei are those whose charge is represented by 
an even number. An even more important rule is that the most stable nuclei are those which 
contain an even number of negative electrons. If the atomic species are divided into four classes 
according to the evenness or oddness of the number of nuclear electrons and protons, the 
most stable species are found to belong to Class I, for which these numbers, and the atomic 
number also, are even. The nuclear spin of all of the species of this class which have been in- 
vestigated have been found to be zero. The nuclei of complex atoms in general seem to ex- 
hibit such relations as to indicate that with the possible exception of the alpha particle, they 
are built in steps. The particles which seem most likely to take part in increasing the mass of 
a nucleus are: the alpha-particle, the proton, the electron, the half alpha-particle (fne)*, and 
possibly the neutron, although the last of these may not exist since the ratio of negative to 
positive electrons in a neutron is unity, which is abnormally high for a complex nucleus. The 
increase of mass by the addition of an electron may be negative on account of the packing 
effect. 


SATURDAY AFTERNOON AT 2 O’CLOCK 
Room 133—Eckhart 


Paper No. 38 will be read by title. 


30. Time lag in the formation of the latent image. Lester I. ZIMMERMANN, St. Louis 
University. (Introduced by F. E. Poindexter).—Series of constant energy exposures were made 
on Hammer Extra-Fast plates at high and low light intensities by meansof flashes of light 
from a rotating mirror for a range of mirror speeds. The time of illumination of the emulsion 
grain in each flash varied from 10-* to 5X 10-8 seconds. It was found that there was a gradual 
diminution of image density with decreasing time of flash until a critical flash interval was 
reached, after which the density-flash curve fell rapidly. The breaking point of the graph for 
high intensities was at a time of flash of approximately 1 x 10~’ seconds while that for the low 
intensity was 3X10~7 seconds. Assuming that the breaking over of the density-flash graphs 
is real, and not due to some undetermined characteristic of the apparatus, the conclusion is 
indicated that the formation and the latent image is a resonance process. 


31. A study of the latent image at low intensities. FRANKLIN E. PoINDEXTER AND LOUIS 
E. James, St. Louis University—Hammer Extra-Fast plates were exposed to light of very 
low intensities—the times for normal exposures ranging from thirty to two hundred and forty 
minutes. Two sources of light were used on each plate. A series of exposures was made with 
each source separately, a series of each on top of the other and, finally, a series was made when 
both lights were shining on the plate. It was found that the densities for the simultaneous 
exposures were in all cases greater than those formed by putting the image due to one source 
on top of the other. The difference between these densities, however, decreases with increasing 
intensities of the light sources. The results show that the failure of the reciprocity law is 
very appreciable even for fast plates at low intensities. 
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32. The band spectra of scandium-, yttrium-, and lanthanum monoxides. WILLIAM F. 
MEGGERS AND JOHN A. WHEELER, Bureau of Standards.—New data on wave-lengths and re- 
lative intensities of band heads in these three molecular spectra have been obtained and have 
been classified in a number of band systems resulting from transitions between various vibra- 
tion levels of initial and final electronic states. For ScO 137 band heads are observed; these 
belong to 5 systems, the 0, 0 transitions of which are at I, 4857.79 and 4858.09A; II, 6017.07A; 
III, 6036.17A; IV, 6064.31A; V, 6079.30A. The YO spectrum closely resembles that of ScO; 
126 band heads were observed; these are assigned to 5 systems with 0, 0 transitions at I, 
4817.38 and 4818.20A; II, 5939.08A; III, 5972.04A; IV, 6096.78A; V, 6132.06A. In the LaO 
spectrum, more than 300 band heads have been measured; they appear to belong to 9 different 
systems. Our analysis of the LaO bands agrees in the main with that given by Jevons (Proc. 
Phys. Soc. London 41, 520 (1929)). All of the bands in these spectra are degraded to red 
except two groups of LaO which are degraded to violet. 


33. Regularities in the second spectrum of xenon. C. J. HumMpHrReEyYs, T. L. DEBRUIN AND 
W. F. Meacers, Bureau of Standards.—A new description of the spectrum of ionized xenon 
(Xen) has been completed; it gives wave-length and intensity data for about 1600 lines be- 
tween the limits 2230A and 8716A. The ground doublet (?P;1/2,:/2) in this spectrum has been 
identified among lines observed in the Schumann region by Abbink and Dorgelo (Zeits. f. 
Physik 47, 221 (1928)); the levels are separated by 10540 wave-numbers. This spectral term 
has been connected with others which combine so as to give lines in the visible Xe spectrum, 
and the absolute values of the terms have been fixed by extrapolating series-forming terms to 
their limits. The ionization potential is found from these spectroscopic data to be 21.1 volts. 


34. Hyperfine structure patterns. S. GoupsMiT AND R. F. FisHer, University of Michi- 
gan.—Hyperfine structure separations obey the interval rule very accurately. This enables 
one to construct simple graphs which represent all possible line patterns for given quantum 
numbers. Such graphs are useful in the interpretation of hyperfine multiplets especially in 
cases where not all components are resolved. They were successfully applied to preliminary 
measurements of Bi II hyperfine structure, recently obtained by us. Application to the partly 


resolved hyperfine multiplets of Mn I (H. E. White and R. Ritschl, Phys. Rev. 35, 1146 
(1930)) gives results which differ considerably from those obtained by White. 


35. The transfer of energy between molecules during collisions: quenching of mercury 
resonance radiation by admixed thallium vapor. O. S. DUFFENDACK, John Simon Guggenheim 
Memorial Fellow, University of Michigan.—The quenching of mercury resonance radiation 
\2537 by admixed thallium vapor was measured. At 0.8 mm mercury vapor pressure and 
750°C the radius of the excited mercury atom has an apparent value 30 times greater than the 
normal kinetic theory radius. Previous measurements on quenching by permanent gases give 
a maximum radius 3 times normal. The addition of helium to the Hg-T! mixture at 750°C 
permits the measurement of the quenching at 0.001 mm mercury vapor pressure and gives a 
radius of the excited mercury atom little greater than normal. When Ng is substituted for He, 
the radius is somewhat greater. The differences are attributed to differences in the concen- 
tration of excited mercury atoms in the *P,; and *P» states. The presence of metastable *Po 
atoms makes the value of the average life of the excited atom uncertain. 

The experiments indicate the possibility of isolating the effects of the *P; state, in which 
case a radius very little greater than normal is probable: a result in agreement with estimates 
made from the quantum-mechanical theory of Kallmann and London (Zeits. f. Phys. Chem. 
B2, 207 (1929)). This investigation was carried out under the direction of Professor J. Franck 
at Gottingen. 


36. The energy of dissociation of mercury molecules. J. G. WinANs, University of Wis- 
consin.—The absorption spectrum and the electrodeless discharge spectrum of mercury vapor 
between wave-lengths 2200 and 1550 were photographed with a fluorite vacuum spectrograph. 
In the absorption spectrum, three apparently continuous bands were observed with maxima 
at 1849, 1807, and 1685. With increasing pressure the 1849 band broadened symmetrically 
until it over-lapped the 1807 band. With further pressure increase the 1849 band broadened 
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toward longer wave-lengths but retained a sharp short wave limit coinciding with the short 
wave limit of the 1807 band. In the electrodeless discharge excited by a low voltage Tesla coil, 
the bands at 1849 and 1685 were emitted, but not the one at 1807. Assuming that this failure 
of 1807 indicated that molecules which absorb 1807 are dissociated, potential energy curves 
for Hg: can be constructed to explain this fact. These same curves explain also the peculiar 
limitation of the 1849 band at the 1807 band. From these curves the energy of dissociation of 
Hg: is found as 0.20 volts. It is necessary to ascribe the 1807 band to an electron transition 
from a molecular energy level to an atomic energy level. This constitutes a new type of photo- 
chemical dissociation. Similar explanations have been made for the band spectra of zine and 
cadmium. (Phil. Mag. 7, 555 (1929).) 


37. A spectroscopic study of the decomposition of organic vapors by the electrodeless 
discharge. Davip M. Gans anp WILLIAM CD. Harkins, Department of Chemistry, University 
of Chicago.—When subjected to the electrodeless discharge, the vapors of organic compounds 
at pressures of several tenths of a millimeter of mercury are rapidly decomposed into mon- 
atomic and diatomic, neutral and charged fragments, with emission of light. Thus, for benzene, 
acetylene, and naphthalene, the spectrum reveals the presence of H and C atoms, C* ions, and 
C, and CH molecuies. With aniline, the spectrum shows, in addition, the violet cyanogen 
bands, the 8 bands of NH, and the second positive (N2) and first negative (N.*) groups of 
nitrogen. The spectrum for phenol contains the water vapor bands, due to OH, and the third 
positive group of carbon, due to CO, as well as the decomposition spectrum typical of benzene. 
These very reactive fragments unite with each other to form brown to black solids of high 
molecular weight. Sufficiently unsaturated hydrocarbons are completely transformed into 
insoluble solids as rapidly as vapor enters the flask. Saturated hydrocarbons, like n-heptane, 
form little solid, since hydrogen is liberated, which raises the pressure and tends to extinguish 
the discharge. Besides dark solids, substituted benzene derivatives generally also give gaseous 
products, as water for phenol, ammonia or Jower amines for aniline, and hydrogen chloride 
for chlorobenzene. Further work is in progress. 


38. A continuous fluorescence emission spectrum which accompanies a change of color 
and the Raman spectrum. Witiiam D. Harkins AND H. E. Bowers, University of Chicago. 
In the study of the Raman spectrum of certain liquids a continuous emission spectrum has 
been found to appear, together with the Raman line spectrum, in each case in which the 
liquid becomes colored by the action of the radiation from the mercury are light. The con- 
tinuous spectrum was always absent when no such change of color occurred. The continuous 
spectrum was given by eight organic bromine derivatives of the paraffin series and by a solu- 
tion of ammonia in methyl alcohol. The continuous spectrum is found between 3900 and 
5200A, and between 5500 and 5800A. 


39. Further study of the absorption of infrared radiation by water vapor. E. K. PLYLER 
AND W. W. SLEator, University of Michigan——By making use of Echelette gratings, a Moll 
thermal relay and the spectrometer constructed by Meyer and previously described, the 
authors have re-examined with increased resolution the absorption bands of water vapor whose 
centers lie near 1.38u, 1.87, 2.66u, 3.174 and 6.26u. The new study has greatly increased the 
number of measured lines. Especially, near 2.664 and 3.174 the number has been more than 
doubled. The new lines are mostly weak ones, but the work has resulted in better determi- 
nations of the wave-lengths of many strong lines which now appear as sharp single effects 
freed from the former confusion due to overlapping. The center of the harmonic of the great 
band near 6.26y is seen to be better placed at 3.168u than as it was formerly at 3.11. It also 
appears that the band has no absorption at the center, and is of the doublet type like the 
fundamental. 


40. Progressive relationships in the near infrared absorption spectra of the halogen 
derivatives of benzene. F.S. BRACKETT AND URNER LIDDEL, Smithsonian Institution and 
Bureau of Chemistry and Soils, Washington, D.C.—Automatic records of the near infrared 
absorption spectra of benzene and its halogen derivatives at an average resolution of 12A to 
the slit-width are offered. These spectra have been analyzed with respect to the second over- 
tone of that fundamental vibration of benzene occurring in the region of 3.254, which probably 
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approximates a linear oscillation of hydrogen with respect to carbon. In the progression ben- 
zene 8772 cm, iodo-benzene 8780 cm™, brom-benzene 8787 cm™, and chlor-benzene 8800 
cm, a progressive shift to shorter wave-lengths of this second overtone occurring in benzene 
at the frequency 8772 cm™ is observed. An explanation is offered based on the further reduc- 
tion of electron density about the carbon centers resulting from the substitution for a single 
hydrogen of an increasingly electro-negative halogen in each case. Further shifts to shorter 
wave-lengths were predicted for the higher halogen derivatives. Spectra are offered of the three 
di-chlor, 1, 2, 4, and 1, 3, 5 tri-chlor, penta-chlor, and para- dibrom-benzenes, which in a 
general way substantiate these predictions. The general idea of relative decrease in saturation 
as correlated with increase of frequency is borne out. In the case of benzene, satellites are 
observed at frequencies occuring at multiples of 162 cm~. The presence of such a low fre- 
quency mode is consistent with the fine structure observed in the visible bands of benzene 


vapor. 


41. Absorption bands of hydrogen halides in the liquid state. E.O. SALANT AND W. WEstT, 
Washington Square College, New York University—The (0, 2) bands of HCl, HBr and HI 
liquids and the (0, 3) of liquid HI, measured with quartz prism spectrometer, thermopile and 
galvanometer, show no rotational structure, centers of HCl and HBr bands being displaced 
to longer waves as compared with corresponding gas bands. The frequencies, with gas-liquid 
displacements given in parentheses are, in cm: HCl 5543 (125), HBr 4850 (180), HI 4262 
and 6262. HI absorption, particularly, is strongly itensified in the liquid. With these values 
and the Raman lines (Salant and Sandow, Phys. Rev. 32, 214 (1930)), the vibration frequencies 
and anharmonic coefficients of the vibrational terms are calculated for the liquefied hydrogen 
halides (the constants for the gaseous molecules, in parentheses, are from Birge, International 
Critical Tables, Vol. V):—«,.: HCl 2800 (2991), HBr 2587 (2647), HI 2262; xw,: HCl 8.5 
(54), HBr 54 (44), HI 44. Differences between spectra of vapors and liquids are discussed. 
The frequency shifts of the hydrogen halides must be attributed not to a Lorentz-Lorenz 
force, but to some other, quantum mechanical interactions of the molecules (Breit and Salant, 
Phys. Rev. 36, 871 (1930)). 


SATURDAY AFTERNOON AT 2 O’CLOCK 
Room 32—Ryerson 


Papers Nos. 42 and 46 will be read by title. 


42. Some effects of intense audio-frequency sound. Newton Gaines, University of Texas 
—Audible sound of great intensity is produced by magnetostrictive vibration of a nickel tube, 
two 250-watt radiotron tubes being employed in the apparatus. This sound is used to produce 
phenomena hitherto obtainable only with piezoelectric crystals vibrating at thirty or forty 
times the frequency and also entirely new phenomena. The nickel tube itself is vibrated so 
strongly as to rupture eventually at the middle. A five centimeter mound forms on the surface 
when the rod oscillates beneath water; this mound is not the result of radiation pressure. An 
air bubble released under water in the neighborhood of the vibrating rod becomes white, and 
under certain conditions moves against a strong stream of water. Carbon deposited on the 
sides of the nickel tube goes into colloidal solution when the tube is vibrated under water. 
The reaction of sonic radiation upon the radiator is demonstrated. Striations in a Kundt tube 
that are parallel to its axis are produced. Larvae are killed immediately by the sound; colon 
bacteria are killed, dying off in accordance with a simple logarithmic law. The irradiation of 
seed by the intense sound changes the rate of growth of the seedlings produced, usually re- 
tarding the growth but in certain cases accelerating it as much as 25 percent. 


43. Supersonic interferometers. EL1As KLEIN AND W. D. HERSHBERGER, Naval Re- 
search Laboratory, Bellevue, D.C.—The methods of applying high frequency sounds to small 
scale measurements are discussed. An interferometer was constructed and used to measure 
the velocity of sound in gases, liquids, and solids at frequencies ranging from about 10 to 


15 











700 kc. Three types of sources were tried, viz: quartz and rochelle salt crystals and magneto- 
strictive rods. The determination of the velocity of sound in solids are based upon (1) optimum 
transmission of sound through a partition whose thickness is an integral number of half wave- 
lengths; (2) relative displacement of the nodal planes in a given liquid due to the immersion 
of solid slab in the acoustical path. In the same manner, a small quantity of an unknown 
liquid is placed in a parallel walled cell and the latter is immersed in a liquid of known acoustic 
properties. Or, the variation in the velocity of sound with concentration of solution may thus 
be determined. Reactance and effective resistance of the interferometer (with a liquid medium) 
as a function of the reflector distance from the sound source were investigated. Approximate 
values of the impedance, power factor and watts dissipated in the instrument were thus com- 
puted. The use of the interferometer as a device for measuring supersonic frequencies is 
explained. 


44. Sound absorption determined by transmission measurements. F. R. Watson, Uni- 
versity of Illinois——A. H. Davis, (Phil. Mag. 50, 75 (1925); 2, 543 (1926)) has developed a 
formula for transmission of sound,—J’/I=kW/as, where J is the intensity of the sound in- 
cident on a partition, J’ is the transmitted intensity, & is the coefficient of transmission, W, 
the area of the partition and as, the absorption of the surfaces in the receiving room. By suit- 
able measurement of the ratio J’/J, it is thus possible to determine the absorption as. Pre- 
liminary tests by means of electrical instruments for the generation and reception of sound 
have given promising results, thus giving an instrumental substitute for the determination of 
the time of reverberation by the ear, as required by Sabine’s method. 


45. The rotating fluid in the relativity theory. Epwarp L. AkeLey, Purdue University. 
—The Einstein equations associated with the quadratic form 
Adxo? +2 Cdxodx,+Bdx?+J (du? +dv?) 


where A, B, Cand J are functions of u and v only, have been treated by a method which is a 
generalization of Weyl’s theory of the axially symmetric field. The following transformation 
was used 

A =e*** cos y =e sin y 

B=-—e*-* cos y J=-—-é*, 


The theory of the rotating fluid was developed in this way. A power series expansion of the 
type d =dy+dp+d2p? was used, where d2=d29+(w?/p)di2; d3 =d39-+do2(w?/p) +dy4(w*/p”). p and 
w represent respectively the density and the angular velocity of the fluid, and d;; represents the 
coefficient of p*“/ in a double power series expansion in w and p. The first approximation corre- 
sponds to the Newtonian theory. It is shown that there is a one to one correspondence between 
the figures of equilibrium in the two theories, and that the first approximation of the Einstein 
solution can be obtained from the Newtonian one. The second approximation predicts effects 
not included in the Newtonian theory. The field corresponding to that of the MacLaurin 
ellipsoid is developed to a second approximation. The relation of this treatment to the work 
of others is discussed. 


46. Some physical properties of nitrogen. W. Epwarps DEMING AND Lota E. Suupe, 
Bureau of Chemistry and Soils, U. S. Department of Agriculture, Washington, D.C.—The com- 
pressibility data on nitrogen obtained by Bartlett and coworkers are extrapolated to cover 
the range —70 to 600° up to 1200 atmospheres. A sensitive graphical scheme has been devised 
for obtaining (dv/dp)7, (dv/dT)p, (d*v/dT*), at any point. It depends on the fact that the 
derivatives of a= RT/p—v or A=v(pv/RT—1) enter as correction terms to the derivatives of », 
just as a and A enter as corrections to v itself. Specific volume, density, coefficients of expan- 
sion (—p/v)(dv/dp)r and (1/v)(dv/dT),, fugacity, C,, C., Cp—C», u are calculated for the 
various temperatures and pressures. The calculations of C, agree within 0.2 cal./mole deg. 
with the experiments of Mackey and Krase (J. Ind. and Eng. Chem. October, 1930) who 
worked to 700 and 800 atm. from 30 to 150°. The agreement is probably within the experi- 
mental error, but the trends of the two sets suggest that a real difference may exist. C, de- 
creases below 0°C at pressures up to 100 atm.; at higher pressures it increases. Experiment 
shows that along an isotherm C,=C,*+)p*+cp;+ ---, the first power of p being absent. 
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It is found that C, increases fairly uniformly from 10 to 100 atm. along isotherms between 20° 
and 200°, 


47. The specific heat of methane. P,. C. LupoLpn, University of Illinois. (Introduced by 
Jukob Kunz.)—The specific heat of methane has been calculated for the tetrahedral model 
advanced by Dennison and for the symmetrical pyramid as worked out by Guillemin. The 
curve for the values obtained from the tetrahedral model has the same shape (linear) as the 
experimental curve but falls below it (as much as 5 cal./mole at 873°K). The values for the 
pyramidal model are still lower (9 cal./mole at 873°K). Another curve was obtained for the 
tetrahedron by redistributing the dimensions of the oscillators so as to get the largest possible 
values for the specific heat with the given frequencies. This curve is again linear but it still 
falls below the experimental curve. Some of the discrepancy may be due to an error in the 
experimental values which would tend to make this curve too high. It may be stated that 
the specific heat calculations of methane favor the tetrahedral structure. 





48. Joule-Thomson effect in helium. J. R. RozeBucK anp H. OsTERBERG, University of 
Wisconsin.—After completing the work with air (Proc. Am. Acad. 64, 287 (1930)), the ap- 
paratus required extensive modification for use with helium. The effect of small proportions 
of air as an impurity was measured first, and as this proved very interesting the measurements 
were extended to the whole range of mixtures, all at the bath temperature 51.68°C, and inlet 
pressure 201 atm. The isenthalpic curve for pure helium is a straight line of negative slope, 
rising about 12°C per 200 atm. drop. As small quantities of air are added the curves do not 
change observably till possibly 10 percent air. With further increase in air the curves shift more 
and more rapidly over to about 28°C drop for pure air. Simultaneously the straight line for 
pure helium shifts over to the line, strongly concave toward the pressure axis, for pure air. 
The surprising result is the very small effect of the first addition of air and the increasing effect 
of the equal later additions. Its pleasant aspect is that it effectually removes any worry as to 
the corruption of the helium data by air impurity. The isenthalpic curves for pure helium have 
been taken between the temperatures —100°C and +100°C. They are all straight lines of 
negative slope, and over this range the small erratic variation in the values of the slope exceeds 
any systematic variation. This value of u is —0.060°C per atm. 


49. A convenient laboratory source of hydrogen. G. W. SARGENT AND WHEELER P. 
Davey, School of Chemistry and Physics, The Pennsylvania State College-—Certain lines of 
research require considerable quantities of a reducing gas at rather infrequent intervals. In 
such cases the use of tanked or electrolytic hydrogen becomes unduly expensive. We are 
using a 3 to 1 mixture of nitrogen and hydrogen obtained by cracking NH3. By slightly raising 
the outlet end of a 150 pound tank of liquid NHs, gaseous NH; can be boiled off at room tem- 
perature, metered through an ordinary dry gas meter and cracked. We find it best to crack the 
gas in a nickel tube about 1/4 inch in diameter and about 12 feet long, coiled to fit inside an 
alundum tube which is heated to 1000°C by a nichrome winding. Slight traces of uncracked 
. NH; are removed by passing the gas over about six feet of P2O;. The gas meter helps determine 
how much liquid NH; is left in the tank. A mercury relief valve by-passes any excess NH; into 
running tap water. A similar valve by-passes any excess H; into a pipe leading outdoors. These 
relief valves prevent dangerous pressures in the hot nickel coil. The apparatus is cheap and 
compact and gives a large storage capacity of H, in the form of liquid NHs. 


50. The deposition of dust on walls. W. J. Hooper, Battle Creek College——An apparent 
uncertainty exists in literature dealing with the cause for the peculiar deposition of dust on 
plaster and lath walls wherein the course of the laths and rafters behind the plaster is outlined 
in dust, popularly called “lath marks.” Conclusive experimental proof of a thermal cause is 
given which is in agreement with the general theory of the behavior of small particles suspended 
in an atmosphere in which a temperature gradient exists. 


51. Particle size of the disperse phase of nitrocotton solutions. WHEELER P. Davey, H. 
B. DE Vore, The Pennsylvania State College and E. I. duPont de Nemours and Co.—It is the 
purpose of this paper to report measurements made in 1927 on the particle size of nitrocotton 
in lacquer solutions, using the water-spreading method. (Davey, Science 1926, Eighth Colloid 
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Symposium, 1930). Solutions of a given batch of nitrocotton in a mixture of ethyl acetate and 
ethyl alcohol would not spread satisfactorily on water at concentrations greater than 0.002 
gm per cc. Measurements were taken down to concentrations of 0.0000469 gm per cc. The 
corresponding particle diameters were 8.45 X10~? cm and 2.40 X10~’ cm. Over a considerable 
range the graph of particle diameter against logarithm of concentration is a straight line. 
Particle diameters at the lowest dilution are equal to about 30 atomic diameters of carbon, i.e. 
a maximum of about 450 nitrated glucose groups on the assumption of 2/3 complete nitration. 


52. On the determination of principal stresses from crossed nicol observations. R. V. 
Baup, Westinghouse Research Laboratories, East Pittsburgh, Pa. (Introduced by N. Rashevsky).— 
The information obtained from crossed Nicol observations, combined with the differential 
equations expressing equilibrium requirements, is sufficient to obtain on basis of a graphical 
integration, the two principal stresses separately at all points of a “two-dimensional” model. 
When orthogonal curvilinear coordinates are employed, the differential equations contain the 
curvatures of the principal stress direction lines. Filon’s method consists of expressing the 
curvatures by certain angles ¥, which he takes from the map of isoclinic lines. The author 
proposes that an additional map with lines y =constant be drawn, which procedure has certain 
advantages. When the paths of integration have one or more inflections, Filon’s method is not 
entirely satisfactory. As an alternative, it is suggested to express the curvatures by the gra- 
dients 0¢/ds, or to measure the curvature by a curvature scale. A new method is suggested fur- 
ther, which consists in the use of polar coordinates. Crossed Nicol observations and “polar 
integration” combined appear to be the only existing method of studying stress distribution in 
rotating models. Even for static conditions preference will eventually be given to the “polar 
integration” in cases where the models have circular contours. 


53. The effect of pressures up to 20,000 atmospheres. Upon some optical properties. 
Tuos, C. PouLTER, Jowa Wesleyan College.—This is a preliminary report and some of the data 
are of a qualitative nature. The rotatory power of a water solution of three sugars has been 
studied as effected by pressure. A rotatory power of ice VI has also been observed. The effect 
of pressure on the index of refraction of glass and of a paraffin oil has been studied. 





